Characterization of a renal epithelial cell model of apoptosis using okadaic acid and the NRK-52E cell line.
Apoptotic cell death plays an important role in the pathogenesis of renal tubular epithelial damage and repair following tubular injury. Presently, the cellular factors involved in regulating apoptotic pathways in the kidney are unknown. To address the possibility that protein phosphorylation may regulate apoptosis in kidney cells, okadaic acid (OKA), a specific inhibitor of protein phosphatases 1A and 2A, was tested for its morphologic and biochemical effects on normal rat kidney epithelial cells (NRK-52E) in culture. As revealed by the DNA-specific stain DAPI, nuclei of cells treated with 1.0 microM okadaic acid contained irregular clumps of dense chromatin. Additional morphologic alterations typical of apoptosis were apparent within 2 hr after treatment with 1.0 microM OKA, including marked cellular rounding, cytoplasmic condensation, and cytoplasmic blebs. Ultrastructurally, 1.0 microM OKA caused cytoplasmic bleb formation, cellular fragmentation, condensation of heterochromatin into clumps, and segregation of nucleoli. At this stage, the cytoplasmic fragments and blebs contained many normal mitochondria. The attached, rounded cells also effectively excluded propidium iodide, demonstrating maintenance of membrane integrity despite pronounced morphologic alterations. A 2-fold increase in intracellular free Ca2+ was apparent 90 min after treatment with 1.0 microM okadaic acid. Transverse alternating field electrophoresis revealed the appearance of large DNA fragments of approximately 300-kbp. The appearance of these 300-kbp fragments correlated temporally with the observed elevation in intracellular calcium and the onset of morphologic alterations. However, preloading cells with EGTA-AM, an intracellular calcium chelator, obliterated the calcium elevation and had no effect on OKA-induced morphology, DNA fragmentation, or cell death. Detectable internucleosomal fragmentation occurred much later than the onset of morphologic changes (24-hr treatment time) and did not correlate with elevations in cellular calcium. These studies support the hypothesis that during apoptosis, chromatin condensation reflects chromatin cleavage at nuclease-sensitive sites between hexameric rosettes. These results also suggest that morphologic and nuclear alterations in the pathway of OKA-induced apoptosis occur independent of observed increases in intracellular calcium.